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(57) ABSTRACT

The present invention relates to a method and a device for
identifying an allocation of control circuits to at least one
control device. In this context, it can be checked whether
wiring for example of heating circuits and/or sensors to a
central control device is correct. Provided actuation patterns
are switched on at a number of control circuits. This makes
it possible to identify correct wiring efficiently and without
error. The invention can be used in vehicle construction, and
especially in aircraft construction.
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1
METHOD AND DEVICE FOR IDENTIFYING
AN ALLOCATION OF CONTROL CIRCUITS
TO AT LEAST ONE CONTROL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of and claims priority to
PCT/EP2011/056518 filed Apr. 26, 2011 which claims the
benefit of and priority to U.S. Provisional Application No.
61/328,304, filed Apr. 27, 2010 and German Patent Appli-
cation No. 10 2010 028263 .4 filed Apr. 27, 2010, the entire
disclosures of which are herein incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to a method for detecting
wirings of a plurality of appliances to at least one further
appliance and in particular to a method for identifying an
allocation of control circuits to at least one control device.
The invention further relates to a corresponding device for
identifying an allocation of control circuits to at least one
control device and to a computer program product compris-
ing program instructions for carrying out the method and a
data memory for storing the computer program product.

BACKGROUND OF THE INVENTION

A plurality of appliances, which are actuated by means of
a central control unit, are typically installed in complex
appliances and machines. In this context, the plurality of
devices can be connected to the central control unit by
means of wired connections. A wired connection is for
example produced between each individual installed appli-
ance and an interface, which is specifically provided for this
purpose, in the central control unit. So as to ensure correct
data transfer between the plurality of appliances and the
central control device, the interfaces of the central control
device are typically adapted to the respectively connected
appliances. It may thus be necessary for each individual
appliance to be connected precisely to the interface of the
central control device which is provided for this purpose. In
this context, however, it is possible for the wires to be
accidentally connected the wrong way around, in particular
if there is a large number of devices to be connected. In this
case, not every connected appliance communicates with the
central control device via the interface which is provided for
this purpose. This can result in incorrect data transfer or
actuation of unsuitable appliances. Checking whether exist-
ing wiring is correct, that is to say whether every appliance
is connected to the interface which is provided therefor, is
time-consuming. In addition, the amount of work involved
in checking varies depending on the respective positions or
location of the wiring within the machine. Further, in the
case of closed cable ducts, it may be virtually impossible to
check whether pre-existing wiring is correct.

Conventional methods for checking wiring connections
are used for example for checking heating systems in
aircraft. DE 10 2008 005 700 Al discloses a system for
preventing ice-ups in a pipeline, which may occur for
example in a pipeline of an aircraft water system. In this
context, heating circuits are provided inside an aircraft and
prevent on-board components of the aircraft from icing up.
A heating circuit of this type may comprise a plurality of
controllers or control units, for example an IPCU, also
known as an ice protection control unit, which in turn
comprise a plurality of heating units and corresponding heat
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detectors. The heating members and sensors which are
connected to the controllers can be distributed throughout
the aircraft and ensure for example the operation of a water
system of the aircraft in cold ambient conditions. In the case
of incorrect wiring, faultless operation of the heating system
cannot be ensured by conventional methods.

In accordance with further conventional methods, manual
tests are carried out, in which each heating means is set in
operation individually, and after a heating phase the con-
nected sensor system is read out. A temperature increase in
the heating member is read off by way of changes in
resistance in the corresponding sensor. The temperature
change in the heating member and thus the detection of the
temperature sensor require a particular waiting time, for
example 5 minutes for each test cycle. Since the individual
heating circuits are processed in succession, this is
extremely time-consuming, that is to say the time taken
increases linearly with the number of control circuits to be
tested.

To illustrate the problem behind the present invention,
FIG. 1 provides a diagram containing measurement data of
an incorrectly wired heating system. In this context, in the
diagram shown in FIG. 1, time data are plotted on the x-axis
and temperature data are plotted on the y-axis. The time data
along the x-axis of the present diagram are measurement
times at which heat measurements were carried out on
heating members of an aircraft. The temperature data along
the y-axis are the respective temperatures of the heating
members at the respective measuring points arranged along
the x-axis.

The simulated heating system which forms the basis for
the measurement data of the present diagram is provided for
preventing a temperature decrease in components of the
aircraft. The temperature range to be achieved by the respec-
tive heating members is preferably between 6° C. and 10° C.
However, because in the example shown the wires between
a control element and the respective heating members are
connected the wrong way around in the heating system
which is taken as a basis, the desired temperature range for
the heating members is not achieved. Accordingly, the
heating members which form the basis for the temperature
curves K1 and K2 are actuated or activated too frequently,
whereas the heating members which form the basis for the
temperature curves K3 and K4 are addressed or activated too
infrequently. This can lead to a temperature increase in
individual components in the test arrangement, as is shown
by the temperature curves K1 and K2. Further, as a result of
the progression of the temperature curves K3 and K4, there
may be a decrease in temperature in the components of the
aircraft in the test arrangement. In accordance with conven-
tional methods, identifying the wiring which is the wrong
way around requires a large amount of testing.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a method and a device which make it possible to
provide an allocation of a plurality of appliances to at least
one further device as regards the correct wiring thereof, in
particular as regards the presence of a provided wiring.

This object is achieved by a method for identifying an
allocation of control circuits to at least one control device
according to claim 1.

Accordingly, a method for identifying an allocation of
control circuits to at least one control device is provided, the
method for identifying an allocation of control circuits
comprising the following steps:

providing an actuation pattern which is suitable for

uniquely actuating an individual control circuit via the
control device;
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measuring a further actuation pattern when the control
circuits are actuated in accordance with the provided
actuation pattern; and

identifying the allocation of the control circuits to the at

least one control device by comparing the provided
actuation pattern and the measured actuation pattern.

Control circuits may be allocated to at least one control
device for example by means of wiring, each control circuit
being wired to a control device. For example, it is possible
for a particular number m of control circuits to be wired to
a particular number n of control devices. In this context, any
desired subset of the control circuits m can be wired to any
desired number of control devices n. For example, three
control circuits can be wired to a first control device and two
further control circuits can be wired to a second control
device.

Control circuits can be allocated to at least one control
device for example by means of a stored table which assigns
a number of control circuits to each of a particular number
of control devices. Accordingly, control circuits can also be
actuated by means of a wireless interface of the control
device. It is further possible for interfaces which are used for
communication with the individual control circuits to be
provided in the control device.

A control circuit may comprise any desired actuator and
any desired sensor. In this context, an actuator may for
example be in the form of a heating member. A sensor may
for example be formed by a heat detector. The sensor is
suitable for monitoring at least one action or at least one
state of an associated actuator. Further examples of a specific
configuration of an actuator or a sensor are a light source
together with a brightness sensor, a motor together with a
rotational speed meter, or a pump together with a pressure
meter. In this context, the average person skilled in the art
will be aware of a number of further possibilities for the
specific configuration of an actuator or sensor.

The control device is suitable for controlling at least one
control circuit. The control device may for example be
suitable for causing a heating member to heat up. The
resulting state change of the heating member, specifically an
increase in temperature, can now be determined by means of
a corresponding temperature detector. The control device
may also be referred to as a central control unit, which
actuates at least a selection of control circuits. The control
device may be suitable for reading out a sensor of the control
circuit and actuating the associated actuator as a function of
the sensor value which is read out.

At least one control circuit is actuated as a function of at
least one actuation pattern. In this context, an actuation
pattern comprises a reference to control circuits which are to
be actuated. The actuation pattern may for example state
individual control circuits which are to be actuated in
accordance with a predetermined action. The actuation pat-
tern can specify individual control circuits by means of an
identifier, and in doing so can specify in what manner these
same control circuits are to be addressed. If the control
circuit comprises a heating member, it can be specified in the
actuation pattern that this heating member is to be heated up
at a particular time, for example during a time interval. In
this context, the actuation pattern defines for example an
electric voltage which is applied to the heating member so
as to heat it up. It is advantageous to specify a time interval,
for example for a heating phase in minutes, which specifies
the time required for heating up the corresponding heating
member. It is further possible to define a temperature thresh-
old above which the heating member is no longer actuated
or activated.
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For uniquely actuating the individual control circuit, an
identifier is assigned to each control circuit, for example as
a function of a serial number. It is further possible to actuate
the individual control circuits by means of the interface
which is provided for this purpose. In this context, the
individual control circuit is not actuated directly, but instead,
the interface which is provided for the respective control
circuit is actuated.

The actuation pattern is preferably provided by reading
out a data memory. In this way, an actuation pattern relating
to a machine which is to be delivered by the manufacturer
of the machine can be stored on a data memory within the
machine. It is further possible to define the actuation pattern
dynamically as a function of the number of control circuits
and the number of control devices. In this context, an
individual actuation pattern is provided in that one of a
plurality of actuation patterns is selected as a function of the
number of control circuits. A stored table, which defines
which actuation pattern is to be selected if there is a
particular number of control circuits and a particular number
of control devices, may be provided for this purpose. Fur-
ther, the actuation pattern can be calculated by means of at
least one calculation step. Algorithms which generate all of
the possibilities, that is to say all of the possible permuta-
tions of control circuits and control devices, and thus gen-
erate a unique pattern in each case for identifying the
respective control circuit, are suitable for this purpose. In
this context, it is possible by means of the algorithm to
determine a binary code which is suitable for uniquely
actuating each individual control circuit. In this context it is
advantageous if a different binary code is calculated in
relation to each individual control circuit, by means of which
code this same control circuit can be uniquely addressed.
Thus, an actuation pattern may comprise a binary code for
each control circuit. In addition, it may be specified in the
actuation pattern whether the respective control circuit of the
binary codes is to be actuated or not. This may be imple-
mented by switching on an actuation bit.

Once an actuation pattern has been provided, the control
circuits are actuated in accordance with this provided actua-
tion pattern. In this context, the provided actuation pattern
can be read out, and precisely the control circuits which are
identified in the provided actuation pattern can be addressed.
This is referred to as applying the actuation pattern to the
individual control circuits. If the individual control circuits
are addressed in accordance with the provided actuation
pattern, the individual control circuits or the actuators of the
respective control circuits carry out the action which is
predetermined in the actuation pattern. For example, if the
actuation pattern specifies that all of the heating members
having an even binary code are to be addressed, it should be
expected in the case of correct wiring that there will be a
measurable temperature increase in heating members having
an even binary code. The measurement of the state change
of the respective actuators is stored in a further actuation
pattern. In this way, a further actuation pattern known as the
actual actuation pattern is measured. In the case of correct
wiring, it should be expected that the provided first actuation
pattern will correspond to the measured second actuation
pattern. If the first, provided actuation pattern and the
second, measured actuation pattern do not correspond, it is
possible that the wrong actuators are being addressed as a
result of incorrect wiring.

The allocation of control circuits to at least one control
device can now be read out from the provided first actuation
pattern and the measured second actuation pattern. This is
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carried out for example by comparing the provided actuation
pattern with the measured actuation pattern.

The proposed method can be used for example before
delivering an aircraft, and as a result, any incorrect wiring
within the aircraft is detected early on, with a small amount
of testing.

In one embodiment of the method for identifying an
allocation of control circuits, the provided actuation pattern
and/or the measured actuation pattern comprises actuation
phases.

This has the advantage that the actuation patterns are
subdivided into individual phases, in accordance with which
the control circuits can for example be actuated alternately.
It is thus possible to check all of the permutations of the
allocation of control circuits to control devices and analyse
them accordingly.

In a further embodiment of the method for identifying an
allocation of control circuits, the actuation phases describe
a selection of control circuits which are to be actuated.

This has the advantage that in each case a selection of
control circuits which are to be actuated can be addressed,
and thus a plurality of control circuits can be tested in each
phase.

In a further embodiment of the method for identifying an
allocation of control circuits, the control circuits are actuated
by carrying out the actuation phases.

This has the advantage that the actuation phases can be
processed successively or can even be processed in particu-
lar sequences which are defined for example in an actuation
pattern.

In a further embodiment of the method for identifying an
allocation of control circuits, the provided actuation pattern
and/or the measured actuation pattern are represented by at
least one binary code.

This has the advantage that the actuation patterns can be
stored and/or processed efficiently if the individual control
circuits are actuated in accordance with a binary action. In
this context, it is also possible for other codes to be used,
which are based for example on a different number system.

In a further embodiment of the method for identifying an
allocation of control circuits, the number of positions in at
least one binary code is equal to the number of actuation
phases.

This has the advantage that the actuation phases can be
processed bitwise. That is to say, during each actuation
phase a predefined position of the binary code is checked as
to whether the corresponding bit in this position is on or off,
and the respective control circuit is actuated as a function of
this bit.

In a further embodiment of the method for identifying an
allocation of control circuits, the provided actuation pattern
and/or the measured actuation pattern are in the form of at
least one stored table.

This has the advantage that the actuation pattern can be
provided in a clear manner and in accordance with pre-
existing data models.

In a further embodiment of the method for identifying an
allocation of control circuits, columns of the table describe
the actuation phases and rows of the table describe the
binary codes.

This has the advantage that the actuation patterns are in an
intuitively comprehensible form and that the binary code of
the respective control circuit can be read out row by row
from the stored table.

In a further embodiment of the method for identifying an
allocation of control circuits, the control device is in the
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form of at least a management device, a monitoring device,
a measuring device and/or an evaluation device.

This has the advantage that the control device can be in
the form of a plurality of pre-existing devices or units.

In a further embodiment of the method for identifying an
allocation of control circuits, the control circuits each com-
prise at least one sensor and at least one actuator which is to
be actuated.

This has the advantage that a control circuit can carry out
a predetermined action and that this action can be measured,
for example in the form of a state measurement.

In a further embodiment of the method for identifying an
allocation of control circuits, the control circuits are in the
form of heating circuits.

This has the advantage that the present invention can be
used in particular in vehicle construction or in aircraft
construction.

The object is further achieved by a device for identifying
an allocation of control circuits to at least one control device,
in particular by carrying out the above-disclosed methods,
the device for identifying an allocation of control circuits to
at least one control device comprising:

a provision device for providing an actuation pattern
which is suitable for uniquely actuating each individual
control circuit by way of the control device;

a measurement device for measuring a further actuation
pattern when the control circuits are actuated in accor-
dance with the provided actuation pattern; and

an identification device for identifying the allocation of
the control circuits to the at least one control device by
comparing the provided actuation pattern and the mea-
sured actuation pattern.

A computer program product, comprising program
instructions for carrying out the above-disclosed method,
and a data memory, for storing the computer program
product, are further provided.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantageous configurations of the invention
form the subject matter of the dependent claims and of the
embodiments which are described in the following. In
addition, the invention is explained in greater detail by way
of' example implementations, with reference to the appended
drawings, in which:

FIG. 1 is a signal diagram illustrating the set of problems
behind the invention, as described previously in the intro-
duction to the description;

FIG. 2 is a flow chart of a method for identifying an
allocation of control circuits to at least one control device in
accordance with an embodiment of the present invention;

FIG. 3 is a detailed flow chart of a method for identifying
an allocation of control circuits to at least one control device
in accordance with an embodiment of the present invention;

FIG. 4 is a schematic drawing of an actuation pattern in
accordance with an embodiment of the present invention;

FIG. 5 is a schematic drawing of a control device in
accordance with an embodiment of the present invention;

FIG. 6 is a schematic drawing of a provided actuation
pattern and a measured actuation pattern in accordance with
an embodiment of the present invention;

FIG. 7 is a block diagram of a device for identifying an
allocation of control circuits to at least one control device in
accordance with an embodiment of the present invention;

FIG. 8 is a schematic drawing of a plurality of control
circuits together with control devices in accordance with an
embodiment of the present invention; and
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FIG. 9 is a schematic drawing of a provided actuation
pattern in accordance with an embodiment of the present
invention.

In the drawings, like or functionally equivalent elements
have been provided with like reference numerals, unless
stated otherwise.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 2 is a flow chart of a method for identifying an
allocation of control circuits to at least one control device
and basically comprises three steps.

Initially, in a step 100, an actuation pattern is provided
which is suitable for uniquely actuating each individual
control circuit by way of the control device. Subsequently,
in a step 101, a further actuation pattern is measured when
the control circuits are actuated in accordance with the
provided actuation pattern. Finally, in step 102, the alloca-
tion of the control circuits to the at least one control device
is identified by comparing the provided actuation pattern and
the measured actuation pattern.

The above-disclosed method steps may be carried out
iteratively and/or in a different order and may comprise
further sub-steps.

FIG. 3 is a more detailed flow diagram of the method for
identifying an allocation of control circuits to at least one
control device and comprises the following steps.

In two preparatory method steps 200 and 201, control
circuits RK are identified in a method step 200 and control
devices RV are identified in a method step 201. Identifying
control circuits RK may involve checking for the presence
of control circuits RK, and this is carried out for example by
checking plug-in connections of wiring or the reception of a
status signal of at least one control circuit RK. Control
circuits RK which are to be actuated by means of at least one
control device RV may also be identified by reading out a
blueprint, in particular by reading out a stored blueprint of
an aircraft. So, for example, for a type of aircraft it is known
from the blueprint thereof which control circuits RK have to
be present in this same aircraft.

It may further be necessary to identify at least the number
of control devices RV. This is advantageous in particular if
there are a plurality of control devices RV for actuating the
control circuits RK. In this case, not only are control circuits
RK each connected to an individual control device RV, but
the control circuits RK are connected to a plurality of control
devices RV. In this context, it is advantageous if a control
circuit RK is merely actuated by an associated control
device RV. Typically, control devices RV are suitable for
actuating a plurality of control circuits RK.

In a subsequent method step 202, at least part of an
actuation pattern AM is provided. If the actuation pattern
AM comprises a plurality of actuation phases, an individual
actuation phase can be provided in the method step 202.
However, a selection of the actuation phases comprised in
the actuation pattern AM may also be provided. Providing at
least part of an actuation pattern AM typically includes
further sub-steps, such as calculating the actuation pattern
AM. The actuation pattern may comprise all of the permu-
tations of on and off states of the control circuits RK. In this
way, the actuation pattern AM is suitable for representing all
of the combinations of an actuation or non-actuation of
control circuits. As a result, it can be uniquely identified in
subsequent method steps whether the actuation pattern AM,
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which is provided at least in part in the method step 202, is
actually implemented by way of the actuation control cir-
cuits RK.

The at least one part of the actuation pattern AM may be
provided by selecting an actuation pattern from a plurality of
provided actuation patterns. In this context, it is possible to
provide a specific actuation pattern in relation to an aircraft
type in preparatory method steps. In this way, in relation to
a plurality of aircraft, it is further possible to provide an
actuation pattern AM in each case and to store it in a data
memory. An actuation pattern AM is subsequently selected
in accordance with the aircraft type of the aircraft in which
the control circuits RK and the control device RV are
installed. As a result, in one embodiment, the method step
202 comprises reading out an actuation pattern AM from a
data memory.

In a subsequent method step 203, at least one control
circuit RK is actuated in accordance with the at least one part
of the actuation pattern AM which is provided in the method
step 202. If the actuation pattern AM comprises phases, this
same actuation phase can be carried out in the method step
203. As a result, in the method step 203, the control circuits
RK which are specified in the part of the provided actuation
pattern AM or the actuation phase are actuated. In this
context, it is advantageous to actuate a selection or a
plurality of control circuits RK in each actuation phase.

The actuation of the control circuits RK in the method
step 203 results in a state change of the control circuit RK
of which the state is measured in a subsequent method step
204. For example, in the method step 203 an actuator which
is provided in the control circuit RK is actuated. If a further
sensor is included in the control circuit RK, this same sensor
is read out in the method step 204. The measurement which
is carried out in the method step 204 may for example
comprise reading out a temperature sensor, a rotational
speed meter, a pressure meter and/or reading out an imaging
sensor of the control circuit RK.

Once method step 204 has been carried out, it may be
advantageous to carry out the method steps 202, 203 and 204
again. If an actuation phase has been provided in the method
step 202, after the control circuits RK have been actuated in
accordance with this implementation phase and the resulting
state change has been measured, a further actuation phase
can be provided in the method step 202. The measured state
changes can be stored or combined to form an implemen-
tation pattern in a method step 205.

In some cases, a measured implementation pattern is
provided in a method step 205. In this context, the measured
implementation pattern provides an indication as to which
control circuits RK are actually actuated when a provided
actuation pattern AM is actuated. Therefore, the provided
actuation pattern AM can be referred to as a theoretical
actuation pattern or target actuation pattern, and the actua-
tion pattern AM' which is measured in the method step 205
can be referred to as the actual or current actuation pattern.

In a subsequent method step 206, the actuation pattern
AM which is provided by iteratively carrying out method
step 202 is compared with the actuation pattern AM' which
is measured in the method step 205. In this context, it is
advantageous if the provided actuation pattern AM and the
measured actuation pattern AM' are stored in the same data
format. For example, the provided actuation pattern AM and
the measured actuation pattern AM' may each be in the form
of a stored table and are compared with one another in the
method step 206. In this context, the comparison may be
carried out cell by cell, column by column and/or row by
row. Further, it is possible for the provided actuation pattern
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AM and the measured actuation pattern AM' to be in the
form of binary codes. In this context, the respective binary
codes can be compared in the method step 206. There are a
plurality of options for comparing binary codes, for example
algorithms for measuring a distance between strings. In
particular, pattern recognition procedures may also be used
in the method step 206.

In the method step 206, differences between the provided
actuation pattern AM and the measured actuation pattern
AM' are identified. It is thus possible, in the method step
207, to identify an existing actual allocation of control
circuits RK to control devices RV. Identitying the allocation
of control circuits RK to at least one control device RV is
shown schematically in FIG. 6 in accordance with a pre-
ferred embodiment.

In a further, optional method step 208, an incorrect
allocation of control circuits RK to at least one control
device RV can be corrected. In this context, it is possible
merely to swap the actuation of interfaces in future actua-
tions. For example, if the wiring of a first control circuit RK1
and the wiring of a second control circuit are the wrong way
around, the interface of the second control circuit RK2 can
be addressed for future actuations of the first control circuit
RK1, but without correcting the physical wiring. In this way,
efficient error correction is possible as regards the wiring.

The above-disclosed method steps may be carried out
iteratively and/or in a different order, and may comprise
further sub-steps.

FIG. 4 is a schematic drawing of an actuation pattern AM
in accordance with an embodiment of the present invention.
With the actuation pattern AM which is shown in the present
FIG. 4, eight control circuits RK, shown in the left-hand
column, can be actuated. The other columns S1, S2 and S3
show actuation phases which together constitute the actua-
tion pattern AM. In a first actuation phase of the control
circuits RK1-RK7, namely the actuation phase S1, the
selection of the first, third, fifth and seventh control circuits
RK is addressed. This is shown in the table by way of shaded
cells. In a second actuation phase in accordance with S2,
only the control circuits RK1, RK2, RK5 and RK6 are
actuated. In this way, a unique actuation pattern AM is
provided for each of the control circuits RK1-RK7. Each of
the control circuits RK can be uniquely identified by exactly
one row in the present table, and can thus be uniquely
actuated.

In the present embodiment, the control circuits RK are
actuated in a binary manner. That is to say, control circuits
RK are either actuated (activated) or not actuated (deacti-
vated). This results in a unique actuation of the control
circuits RK in accordance with a binary code which is
unique to each row. For example, the binary code by means
of which the seventh control circuit RK7 is actuated can be
denoted as 100. The binary code with which the control
circuit RK5 is addressed can be denoted for example as the
binary code word 110. It is thus possible to assign a binary
code or a binary code word to each individual control circuit
RK1-RK7, all of the binary codes together constituting the
control pattern AM. Therefore, in the table shown in the
present FIG. 4, an actuation phase can be derived from each
column and a binary code can be derived from each row.

To compare a provided actuation pattern AM and a
measured actuation pattern AM', a first table in accordance
with the provided actuation pattern AM and a second table
in accordance with the measured actuation pattern AM' can
be superimposed on one another, and deviations or differ-
ences in the two actuation patterns can thus be identified. In
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this context, each detected deviation gives an indication as
to an incorrectly wired control circuit RK.

FIG. 5 is a schematic drawing of a control device RV
which is suitable for receiving input signals 1 and for
generating output signals O. In the present embodiment, the
control device RV further comprises sensor inputs S. A
plurality of control circuits RK, eight in the present embodi-
ment, can be addressed by means of the control device RV.
In this context, in the present example, an input signal I can
be applied at a voltage of 115 V, and a voltage distribution
in accordance with the provided actuation pattern AM can be
provided as the output signal. The provided actuation pattern
AM which is shown in the present FIG. 5 may for example
be the first actuation phase in accordance with FIG. 4.

The control device RV shown in FIG. 5 may for example
be an IPCU or ice protection control unit. An IPCU of this
type is used in aircraft for actuating heating members, in
particular for preventing pipelines from icing up.

FIG. 6 shows two actuation patterns AM, namely a
provided actuation pattern AM and a measured actuation
pattern AM' in accordance with an embodiment of the
present invention.

The provided actuation pattern AM in accordance with
columns S10-S12 may be the actuation pattern AM shown in
FIG. 4. This actuation pattern AM in accordance with
columns S10-S12 may also be referred to as an expected
actuation pattern. Each of the control circuits RK can be
uniquely identified in the present table by exactly one row of
the table, and can thus be uniquely actuated.

Columns S13-S15 represent a measured actuation pattern
AM'. In this context, the columns and rows are divided up
analogously to the provided actuation pattern AM in accor-
dance with columns S10-12. Thus, the two actuation pat-
terns, namely the provided actuation pattern AM and the
measured actuation pattern AM', are in the same data format.
This is advantageous in particular because deviations in the
provided actuation pattern AM and in the measured actua-
tion pattern AM' can be identified using row-by-row com-
parison.

In the example shown in FIG. 6, the wiring, that is to say
the allocation, of the fourth control circuit RK4 and the
wiring of the fifth control circuit RK5 are the wrong way
around. By comparing the control pattern according to the
control circuits RK4 and RK5 row by row, it is identified that
there is a deviation between the expected actuation pattern
and the actual actuation pattern. Further, in the present table
it can be identified that swapping the binary codes of the
fourth control circuit RK4 with the binary codes of the fifth
control circuit RKS in accordance with the columns S13,
S14 and S15 corrects the incorrect actuation. It is thus
possible, during further actuations, to address the control
circuit RK4 by means of the interface of the control circuit
RKS5, and to address control circuit by means of the interface
of the control circuit RK4.

As aresult, the actual allocation of control circuits RK to
a control device RV is implemented.

FIG. 7 is a block diagram of a device 1 for identifying an
allocation of control circuits RK1; RK2; .. .; RKn to at least
one control device RV.

This device comprises a provision means 2 for providing
an actuation pattern AM which is suitable for uniquely
actuating each individual control circuit RK1; RK2; . . . ;
RKn via the control device RV.

Further, a measurement device 3 is provided for measur-
ing a further actuation pattern AM' during an actuation of the
control circuits RK1; RK2; . . . ; RKn in accordance with the
provided actuation pattern AM.
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The device 1 further comprises an identification device 4
for identifying the allocation of the control circuits RK1;
RK2; . .. ; RKn to the at least one control device RV by
comparing the provided actuation pattern AM and the mea-
sured actuation pattern AM'.

The provision device 2 may have an input which is
suitable for reading out an actuation pattern AM from a data
memory or receiving it via the interface. The measurement
device 3 may have an input which communicates with a
measurement detector which is provided in a control circuit
RK1; RK2; .. .; RKn. the identification device 4 may output
an allocation of control circuit RK1; RK2; . . . ; RKn to at
least one control device RV, RV".

FIG. 8 is a schematic drawing of an allocation of control

circuits RK1; RK2; . . . ; RKn to at least one control device
RV, RV'. In the present embodiment, each of the control
circuits RK1; RK2; . . . ; RKn comprises at least an actuator

and a sensor. This is shown in the present FIG. 8 in that the
respective control circuits RK1; RK2; . .. ; RKn are divided
in two. The respective control circuits RK1; RK2; . .. ; RKn
are each connected to the control device RV via an interface
11; 12; . . . ; In. In this context, it is possible for the control
device RV to actuate the individual actuators by means of an
actuation pattern AM. The provided actuation pattern AM
can for example be transferred to the control device RV by
means of the provision device 2 shown in FIG. 7. It is further
possible for the input of the measuring device 3 shown in
FIG. 7 to be connected to a sensor of each of the control
circuits RK1; RK2; . . . ; RKn. In the present embodiment,
a further control device RV' is provided, to which further
control circuits can be connected.

The allocation shown in the present FIG. 8 of control
circuits RK1; RK2; . . . ; RKn to the at least one control
device RV can be identified for example by means of an
actuation pattern AM in accordance with FIG. 9.

FIG. 9 is a schematic drawing of a provided actuation
pattern AM, the provided actuation pattern AM being rep-
resented by means of the columns S20, S21, S22, S23, S24,
S25 and S26. Each of the control circuits RK can be
uniquely identified in the present table by means of exactly
one row Rk1-Rk32 and can thus be uniquely actuated.

In the present embodiment, the actuation pattern AM is a
heating pattern, which is switched on at heating member
connections by means of a heater controller. The heater
controller may for example be provided in the control device
RV, it being possible for a control circuit RK to be in the
form of a heating circuit. By switching on predefined heating
patterns, the heating periods for identifying an allocation of
heating circuits for at least one heater controller are mini-
mised. A typical heater controller, also known as an IPCU or
ice protection control unit, has 32 heater connections. For
the use of predefined actuation patterns, the number of
heating periods is reduced from 32 to 6 per controller. When
4-6 controllers are used per aircraft, the number of heating
cycles can therefore be minimised. For example, a particular
aircraft has six IPCUs in a heating system, having 32 heating
circuits each, resulting in 6x32=192 test cycles when manu-
ally testing the individual heaters. If predefined testing
patterns are actuated, the system can be tested in 8 heating
cycles. This is equivalent to a saving of 192-8=184 cycles,
and 184 cyclesx5S min=920 min. In this context, a heating
cycle typically lasts 5 minutes.

The invention claimed is:

1. A method for identifying an allocation of control
circuits, which each comprise an actuator and a sensor, to at
least one control device comprising:

providing a first actuation pattern which is suitable for

actuating a plurality of individual control circuits
simultaneously via the control device, comprising a
plurality of actuation phases which each describe the
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plurality of individual control circuits which are to be
actuated in the corresponding actuation phase simulta-
neously, the number of actuation phases being less than
the number of control circuits;

actuating the actuators of the plurality of individual
control circuits in accordance with one of the plurality
of actuation phases by the control device;

reading out the sensors of the actuated plurality of indi-
vidual control circuits in accordance with the one of the
plurality of actuation phases;

repeating the steps of actuating and reading out for each
of the plurality of actuation phases so as to measure a
second actuation pattern; and

identifying the allocation of each of the plurality of
individual control circuits to the at least one control
device by comparing the provided actuation pattern and
the measured actuation pattern, wherein the provided
actuation pattern and/or the measured actuation pattern
is represented by at least one binary code, wherein
every digit of the binary code represents one activated
or deactivated control circuit respectively, wherein the
number of positions in at least one binary code is equal
to the number of actuation phases, and wherein the
number of binary codes which represent the provided
actuation pattern and/or the measured actuation pattern
is equal to the number of control circuits.

2. The method according to claim 1, wherein the provided
actuation pattern and/or the measured actuation pattern are
in the form of at least one stored table.

3. The method according to claim 2, wherein columns of
the stored table specify the actuation phases and rows of the
stored table specify the binary codes.

4. A device for identifying an allocation of control cir-
cuits, which each comprise an actuator and a sensor, to at
least one control device, comprising:

a provision device for providing an actuation pattern
which is provided for actuating a plurality of individual
control circuits simultaneously by way of the control
device, comprising a plurality of actuation phases,
which each describe the plurality of individual control
circuits which are to be actuated in the corresponding
actuation phase simultaneously, the number of actua-
tion phases being less than the number of control
circuits;

a measurement device for measuring a second actuation
pattern during a repetition of the actuation of the
plurality of individual control circuits via the control
device in accordance with one of the plurality of
actuation phases and the reading-out of the sensors of
the actuated plurality of individual control circuits in
accordance with one of the plurality of actuation
phases; and

an identification device for identifying the allocation of
the plurality of individual control circuits to the at least
one control device by comparing the provided actuation
pattern and the measured actuation pattern, wherein the
provided actuation pattern and/or the measured actua-
tion pattern is represented by at least one binary code,
wherein every digit of the binary code represents one
activated or deactivated control circuit respectively,
wherein the number of positions in at least one binary
code is equal to the number of actuation phases, and
wherein the number of binary codes which represent
the provided actuation pattern and/or the measured
actuation pattern is equal to the number of control
circuits.
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5. The device according to claim 4, wherein the control
device is in the form of at least a management device, a
monitoring device, a measuring device and/or an evaluation
device.

6. The device according claim 4, wherein the plurality of
individual control circuits are heating circuits and wherein
the actuators are heating members.

7. A computer program product comprising program
instructions for carrying out the method according to claim
1.

8. A non-transitory data memory, which stores the com-
puter program product according to claim 7.

9. A method for identifying an allocation of control
circuits, which each comprise an actuator and a sensor, to at
least one control device, the method comprising:

providing a first actuation pattern which is suitable for

actuating a plurality of individual control circuits
simultaneously via the control device, comprising a
plurality of actuation phases which each describe the
plurality of individual control circuits which are to be
actuated in the corresponding actuation phase simulta-
neously, the number of actuation phases being less than
the number of control circuits, wherein the first actua-
tion pattern is a heating pattern switched on by an ice
protection control unit (IPCU);
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actuating the actuators of the plurality of individual
control circuits in accordance with one of the plurality
of actuation phases by the control device;

reading out the sensors of the actuated plurality of indi-
vidual control circuits in accordance with the one of the
plurality of actuation phases;

repeating the steps of actuating and reading out for each
of the plurality of actuation phases so as to measure a
second actuation pattern; and

identifying the allocation of each of the plurality of
individual control circuits to the at least one control
device by comparing the provided actuation pattern and
the measured actuation pattern, wherein the provided
actuation pattern and/or the measured actuation pattern
is represented by at least one binary code, wherein
every digit of the binary code represents one activated
or deactivated control circuit respectively, wherein the
number of positions in at least one binary code is equal
to the number of actuation phases, and wherein the
number of binary codes which represent the provided
actuation pattern and/or the measured actuation pattern
is equal to the number of control circuits.
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